Objective: The aim of the paper is to study enhancement algorithm on mammograms, and quantitative measures of contrast enhancement. Method: The gray uniformity is defined by edge value, standard deviation and entropy for mammograms. The adjusting factor is presented to adjust the contrast enhancement in the whole image. Then the uniformity basedon algorithm is applied to enhance mammograms. Four quantitative measures of contrast enhancement are put forward. And for the first time, the presented algorithm is compared with two other existing contrast enhancement techniques-histogram equalization and morphological enhancement. Results: The index shows that the presented algorithm is found to perform better than histogram equalization and morphological enhancement. Conclusion: A lot of experiments and comparisons are needed to study the relativity among DSM, TBCs, TBCe and the final index. Based on those, contrast enhancement algorithm for mammograms and rational evaluation system and measures can be found.
INTRODUCTION
Contrast enhancement has been a topic of considerable interest in image processing, pattern recognition and computer vision. Image enhancement is a necessary component of any CAD system, whose principal objective is to producing a more suitable image to a specific application. The enhanced image is good to the psychophysical characteristics of the human and the recognition system of computer.
Mammograms are low contrast, noisy and non-homogeneity images. Therefore, in digital mammogram there is a need for enhancing imaging before a reasonable segmentation can be achieved. And enhancing mammograms is very important to improve the diagnosis of tumor. Previous works have covered a wide range of enhancement techniques, such as histograms equalization [1] , Gaussian filter [2] , fuzzy enhancement [3] , density weighted contrast enhancement [4] , wavelet-based enhancement [5] [6] [7] and morphological enhancement [8] . Each algorithm has its own features. However, there is no method to evaluate the results of image enhancement. It is, therefore, important to define quantitative measures for defining the quality of image enhancement that correlates well with the human expert but does not require human intervention for making such a judgment.
In this paper we enhance mammograms by gray uniformity algorithm. And then focuses on quantitative evaluation method and comparison among gray uniformity algorithm, histogram equalization and morphological enhancement.
The rest of the paper is organized as follows: Section 2 presents the mammogram enhancement based on gray uniformity algorithm. Section 3 describes the comparison of quantitative measures among the above three enhancement algorithms. Finally, Section 4 concludes the paper and provides future research directions.
IMAGE ENHANCEMENT ON GRAY UNIFORMITY
The gray uniformity method uses both local and global information to enhance images. The method mainly indicates the local information and how uniform an image region is, which is defined by edge value, standard deviation, and entropy [9] . Edge value measures the abrupt changes in gray levels. Sobel operator is applied to calculate the edge value for pixel in this paper. Standard deviation υ(ij) describes the dispersion within a local region. Entropy can also be used to describe the distribution variation in a region. Edge value, standard deviation, and entropy need to be normalized to achieve computation consistency. Suppose, g ij is the gray of pixel P(i, j) in an M × N image, and w ij is the size d × d window centered at (i, j). Standard deviation describing the dispersion within the local region is computed by the following formula [9] :
where is the average value of gray level in the window w ij .
We use entropy to describe the distribution variation in a region [10] . The entropy of pixel P(i, j) is computed as follows:
where, P k is the probability of the k level that can be calculated by n k /d. n k is the total number of pixels with the k th gray level. L is the total number of the gray levels within the window.
The gray uniformity is defined as following formula by edge value, standard deviation and entropy for mammograms. The higher the value, the more homogenous the region surrounding pixel g ij is.
GU(g ij
where, is normalized as follows for achieving computation consistency.
where: GU mac = max{GU ij } The gray uniformity algorithm is given as follows based on the above conception and definition.
Step 1. Calculate the non uniformity:
Step 2. Calculate the non uniformity within the window w ij
where g pq is the gray of pixel (p, q).
Step 3. Compute the contrast of pixel P(i, j) and gray transformation.
where, is of adjusting the contrast enhancement in the whole image and it is related to the contrast of the given pixel. The value of parameter t is decided by experience.
Evaluation and enhancement on medical images Figure 1 . The left is original image, and the right is enhanced image by gray uniformity algorithm.
Step 4. Change the gray value of pixel P(i, j).
Step 5. Repeat the step 1-4 for all pixels. Now we focus on that is related to histogram. If histogram of an image is narrow, the enhancement should make the histogram of an enhanced image wider. The computation of is as follows. Suppose the gray levels of the images are from g min to g max .
Step 1. Figure out histogram H(g), and all the peak values
Step 2. Compute the mean of the peak values. .
Step 3. Figure out the peak values more than the mean . Step 4. Achieve the first and the last peak value and the corresponding gray values g 1 _g k.
Step 5. Compute the ξ min by
Step 6. Get ξ ij by the following formula.
where, When ß ij is larger, ξ ij is also larger, and is smaller. The ß ij of a region is larger indicates that the luminance variation of the region is small, so the enhancement to the region should be weak. And vice versa.
In Fig. 1 , the original images are vague and blurred. We can see the contrast was enhanced in the right column by the mentioned method above. The quantitative comparison of enhancement is given in the following section.
QUANTITATIVE EVALUATION ON ENHANCEMENT
The performance of the contrast enhancement techniques should be evaluated by some quantitative measures. The quantitative measures help us select the best suited image enhancement on a per mammogram basis, which improves the quality of subsequent image segmentation much better than using the same enhancement method for all mammograms. Bovis [11] presents three measures to enhancement. The first is distribution separation measure (DSM). The second is target to background contrast ratio using standard deviation (TBCs). And the third is target to background contrast ratio using entropy (TBCe). The TBCe, DSM and TBCs should be positive if the image contrast has been enhanced. The larger the value of DSM, the greater the separation is between the distributions, and therefore the better the image contrast enhancement. The larger the value of the TBCs, the greater the difference is between the means (or the standard deviations), and therefore the better the contrast enhancement. Like the DSM and TBCs, the larger the value of TBCe, the greater the difference is between the means (or the entropies), and therefore the better the contrast enhancement. So, the larger the value of all three measures, the higher the performance. On the other hand, negative values of the three measures indicate that the contrast of the enhanced image is worse than that of the original image. Based on the three quantitative measures, we present an integrated measure that is the mean of DSM, TBCs and TBCe. First, each measure is normalized by linear scaling within the range [0, 1], i.e., the minimum measured value is mapped to 0 and the maximum measured value is mapped to 1. Then the integrated measure is computed by taking the average of all three normalized measures. Consequently, the integrated measure that represents the overall performance of contrast enhancement is also in the range [0, 1]. We enhanced 40 images from the MIAS database, respectively by gray uniformity, morphological enhancement and histogram equalization. The DSM, TBCe and TBCs are computed to every image. The three measures for each image are graphically represented by three bars of different colures as fig. 2 to fig. 4 . The mean of the three values normalized is the integrated measure, which is as fig. 5 shown. The abscissa of the above four bar graphs is the ID numbers of images in our image database. The ordinate is the value of DSM, TBCs, TBCe and integrated measure. For every image, DSM, TBCs, TBCe and integrated measure are computed respectively by the three mentioned algorithms. The number of highest scores achieved by each enhancement technique is listed in Table 1 .
The gray uniformity method achieved the highest scores for 15/40 images in DSM, 29 in TBCs and 30 in TBCe. The gray uniformity method was also found to have the highest integrated measure scores on 26/40 images, while morphological enhancement achieved 13 and histogram equalization only achieved 1. The DSM measure is distribution separation measure, a distance measure between the decision boundaries and the means of the targets and background. To evaluate the performance of an enhancement technique, the separation of the grey-level distribution between the target and background regions before and after enhancement is measured. According to DSM, we can see that the performance of morphological is better than the other two methods. The average value of the integrated measure by gray uniformity is 0.32, while morphological Table 2 . We found that DSM is not strongly correlated with TBCs and TBCe. This is expected since the formulation of DSM is so different from the other two-DSM is a distance measure but TBCs and TBCe are two ratios. Also they focus on different aspects of contrast enhancement. On the other hand, TBCs and TBCe were found highly correlated at 0.92, due to the fact that the only difference between these two measures is the use of standard deviation in one formula and entropy in the other.
The above table shows that TBCs and TBCe represent 2/3 of the final score, the correlation between each of these two measures and the final score is higher than that between DSM and the final score.
CONCLUSION
As for the characteristics of mammograms, the gray uniformity algorithm is used to enhance the images from MIAS in this paper. For the first time, the quantitative comparisons among the performance of gray uniformity algorithm, morphological method and histogram equalization respectively to enhance mammograms are carried out. The integrated measure shows that the gray uniformity method is better than the other two methods.
Due to the small number of sample images, only quantitative measures [11] were used to evaluate the results in this paper. For future work, the contrast enhancement methods described in this paper should be further evaluated using receiver operating characteristic (ROC) analysis [12, 13] . By comparing the radiologists' performance in detecting masses on various contrast enhanced images, the usefulness of the gray uniformity algorithm could be determined. A lot of experimentations are needed to do to study the relationship between DSM, TBCs, TBCe and integrated measure. And explore more reasonable and scientific evaluation system and measures.
